
Covid-19 pandemic has been the most dangerous and life-

threatening event in most recent history. It has caused loss of

millions of human lives worldwide, and an upset to world’s

socio-economic and educational infrastructures. College and

university buildings, being part of such infrastructure, will

need to put measures in place to create a safe and healthy

environment for students, faculty and staff.

One of the most important measures limiting spread of

pathogens within academic community is providing the

proper Indoor Air Quality (IAQ) in all indoor spaces on

campuses. This can be achieved through implementing HVAC

methods that will combat and greatly reduce aerosol droplets

and particles carrying and spreading various pathogens

across indoor spaces.

The proper IAQ is achieved by using the following: dilution of

contaminants with ventilation air; capturing contaminants by

filtration systems; and decomposition of contaminants with

various air purification methods.

Abstract

Background

In order to provide good indoor air quality and to prevent
transmission of various pathogens via recirculating air in
AHU, three strategies can be implemented: Ventilation,
Filtration, and Purification.

Ventilation

As seen in Fig. 1., the most challenging issue with modern,
large scale HVAC systems, is that a portion of returned air
from conditioned spaces is recirculated through AHU. Ideally,
in the post pandemic world, 0% return air should be
recirculated, and all returned air exhausted outdoors.
Although conditioning 100% ventilation air would increase
energy costs, building occupants would breathing higher
indoor quality air. This approach guarantees that minimal
contaminants would recirculate throughout the HVAC system.
This would yield the lowest concentration of the
contaminants with size up to 10μm, as presented in Fig. 2.
The actively ventilated classroom had on average a 66%
lower concentration of airborne particles sizing compared
with unventilated classroom.

Discussion

Regular filtration only traps the viruses without killing them.
It was discovered that the SARS-CoV-2 virus cannot tolerate
temperatures above 70°C (158°F). This finding found its
application in IVP technology, that uses a two-step filtration
system that is capable of trapping and killing SARS-CoV-2
virus and other pathogens. This technology uses nickel-foam
that is heated up to 200°C (392°F). Based on the results in
Fig. 7., we can conclude that the protype IVP device was able
to reduce aerosolized SARS-CoV-2 and Bacillus anthracis by
99.8% and 99.9%, respectively. This technology has a wide
range of application from portable, used in a in single room
(classroom), all the way to venue applications (auditoriums,
cafeteria, student lounges, etc.) and even in HVAC retrofitting
in AHU. Using the IVP system on college campuses will
dramatically reduce the risk of indoor exposure to SARS-CoV2
to students, faculty, and staff. This can also be used as a bio-
defense mechanism to combat future pandemics.

Summary

The utilization of these HVAC technologies will ensure the

infusion of more outdoor air within indoor environments,

thus, reducing the amount of deadly aerosol droplets in

enclosed spaces. It will filter the incoming air to the most

minimum of particles, and the purification will sterilize the

air, killing almost all dangerous viruses. Having all the

measures (ventilation, filtration and air purification) in place,

will ensure a very high inside air quality (IAQ) on university

campuses. This approach will create a safe and healthy

indoor campus environment for students, faculty and staff.

Although using the methods of filtration and 100%

ventilation air are efficient resources, the tradeoff is an

increased energy consumption. Therefore, we have to weigh

the pros and cons when using products like higher rated

MERV filters, where going from MERV-13 to MER-14 would

cause a 50% increase in energy consumption from fans

circulating air throughout buildings. This is especially

important, because the higher energy consumption not only

increases operational cost for buildings, but also increases

their carbon footprint.
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Ventilation minimizes the concentration of indoor air

pollutants and pathogens, by providing a sufficient amount of

outside air. It’s a repetitive cycle where: (1) outdoor air enters

through air louvers; (2) it is then drawn in by air handling units

(AHU’s); (3) outdoor air is then filtered (in some cases purified

to remove contaminants); (4) the filtered air is conditioned,

meaning cooled in the summertime, and heated in winter; (5)

the AHU fan forces the conditioned air through supply

ductwork, into individual room through air diffusers; (6) air

from indoor spaces is returned to the AHU via return

ductwork. Here, some of the unconditioned air is exhausted

outdoors, and a portion of the returned air is mixed with

incoming ventilation air. This process saves on energy

consumption, and (7) the cycle repeats itself.

To maintain consistent pressure inside a building, the amount

of air exhausted is usually equal to the amount of ventilated

(fresh) air. The volume of the ventilation air is regulated by

codes, and dependent upon the amount occupants inside the

building. As seen in Fig. 1., there is a possibility of transmission

of pathogens between occupants even if they occupy separate

spaces. In this work we describe procedures that minimize that

risk.
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Figure 1. Diagram of the virus-laden aerosol travel through air-handling system1

This approach however would result in a great increase in
energy consumption from the HVAC equipment, especially
during extremely high or temperatures as all the air used in
building would be coming from the outside and would have to
be processed (either cooled or heated) before being supplied
to conditioned spaces. Fig. 3. shows that there is an inverse
relationship between an increase in air exchange rate
(increased ventilation) and the number of people infected
with COVID-19. This figure also shows a direct relationship
between the amount of ventilation air used in the building
and the energy consumption. Air exchange rate value of 2.8
hr-1 is considered as the optimum value where two objective
functions meet and can be introduced as the balance point
for the building.

Figure 3. The relationship between the air exchange rate with the energy HVAC
energy consumption and the number of infected people with COVID-19 in
college campus building3

Relying on maintaining sufficient IAQ mostly by dilution of
contaminants using increased ventilation rates can be a
viable approach in moderate climates or during moderate
seasons, when temperatures and humidity levels are not
extreme. In these cases ventilation air can be used as supply
air without additional cooling or heating.

Filtration

Another way to control concentration of various
contaminants (including viruses) in the indoor air, especially if
air is recirculated, is to use high efficiency air filters. MERV 13
filters are the minimum recommendations to efficiently
capture the Covid-19 virus particulates. Fig. 4. shows
comparison of efficiency of various classes of filters towards
capturing viral particles.

Figure 2. Average particle count for particles up to 10μm over a 3-week period2

MERV 13 filters have an average efficiency of 89%, while finer
MERV 14 filters have an average efficiency of 97%. The
downside of using more efficient filters is the fact that they
cause higher air pressure drop in HVAC systems (see Fig. 5.).

Greater pressure drops cause motors that power fans to
consume more energy. It is also possible that when switching
to MERV 14 or higher efficiency filters, the entire AHU would
have to be upgraded to accommodate greater pressure drops
and power usage. Based on affinity fan laws and using
pressure drop values (IN. W.G.) from Fig. 5., we have
calculated 52% increase in energy use (calculations below)
when going from MERV 13 to MERV 14 filters.
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Finally, BHP14 = 1.52 x BHP13

Where:
P13 and P14 – pressure drop across MERV 13 and MERV 14 filters, respectively

RPM13 and RPM14 – fan shaft speed when MERV 13 and MERV 14 filters 
installed, respectively

BHP13 and BHP14 – brake horsepower used by fan motor when MERV 13 and 
MERV 14 filters installed, respectively

Purification

We believe that MERV 13 filters should be recommended as
they offer relatively high efficiency and don’t cause
substantial energy use increase compared to MERV 14 filters

Figure 5. Descriptive statistics of pressure drop data4
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Figure 6. Integrated Viral 
Protection (IVP) Bio-defense 
technology system5

Various technological inventions are introduced to improve
indoor air quality and combat the COVID-19 virus and other
pathogens. One of such technologies that has seen a success
on this front and is approved by the FDA is the Integrated
Viral Protection (IVP) Bio-defense technology (Fig. 6).

Figure 7. Performance of prototype IVP device against SARS-CoV-2 and
Bacillus anthracis6

Figure 4. Viral filtration efficiency with 95% confidence interval for 6 samples4


